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ABSTRACT 



A color liquid crystal display apparatus includes a re- 
ceiver, a color separation circuit, A/D converters, a 
liquid crystal panel, and an adjusting section. The re- 
ceiver receives an external radio wave and outputs a 
video signal. The color separation circuit color-sepa- 
rates the video signal and outputs red, green, and blue 
video output signals. The A/D converters A/D-con- 
vert the red, green, and blue video output signals. The 
liquid crystal panel having a plurality of pixels formed 
therein displays an image on the basis of outputs from 
the A/D converters. The adjusting section can indepen- 
dently adjust at least one of low and high reference 
potentials used as references for A/D conversion by the 
A/D converters. 

5 Claims, 9 Drawing Sheets 
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video output signal and representing the minimum 
value of_each signal associated with gradation display; 
and Vp, the maximum value of each video output signal. 
Vp<Vi, and V^<V/> are established for each video 
output signal. 

FIGS, 3(a), 3(b), and 3(c) respectively show voltage 
drive waveforms to be applied to the pixels formed on 
the first scanning electrode. FIG. 3(a) shows a voltage 
waveform when an ON voltage Von is applied to the 
pixels. FIG. 3(c) shows a voltage waveform when an 
OFF voltage VoFFi* applied to the pixels. 

FIG. 3(b) shows a voltage waveform when a root 
mean-square (RMS) voltage between the ON and OFF 
voltages Vcwand V off is applied to the pixels. Refer- 
ence symbol Ia denotes a time period corresponding to 
one field; tfl, a selection period; to a non-selection per- 
iod; and to, a blanking period. Reference symbol Vo 
denotes a voltage amplitude in the selection period; and 



COLOR LIQUID CRYSTAL DISPLAY APPARATUS 

This is a continuation division of application Ser. No. 
07/268,910, filed Nov. 8, 1988, now abandoned. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a color liquid crystal 
display apparatus having a color saturation correcting 
circuit for red, green, and blue. 

2. Description of the Prior Art 
Recently, color liquid crystal television sets and color 

liquid crystal displays have been put into practice and 
widely used. 

FIG. 1 is a block diagram showing a circuit arrange- 
ment of a conventional color liquid crystal television 
set. 

Referring to FIG. 1, reference numeral 100 denotes a b, a bias ratio obtained from the conditions for the maxi- 
liquid crystal panel on which an image is displayed. The 20 mum ratio of the ON voltage V 0 jv to the OFF voltage 

liquid crystal panel 100 is designed such that a liquid Voff- _ 

crystal is sealed between a substrate having signal elec- < FIG.-4-shows*a~change2in^^an^t^ejr wphj^L—^ 
trodes 100a and a substrate having scanning electrodes Cspect-tO-an'RMS^ltage^V^r^pDeo to the*liquid 
100& The liquid crystal panel 100 further comprises ^-crvstal-panel-at-a-certain-viewingianglemTheaaxis of 
color filters for color display. A matrix type panel is 25 abscissa represents the RMS voltage Vmu applied to the 
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exemplified as liquid crystal panel 100, in which pixels 
are formed by cross portions between the signal and 
scanning electrodes 100a and 1006. 

A flow of signals until an image is displayed on the 
liquid crystal panel 100 will be described below. 

Reference numeral 1 denotes an antenna. When an 
external radio wave is received by the antenna, a video 
signal SS is formed by a receiver 2. The video signal SS 
is supplied to a color separation circuit 3, and is sepa- 
rated into a red (R) video output signal RS, a green (G) 35 
video output signal GS, and a blue (B) video output 
signal BS. The R, G, and B video output signals RS, 
GS, and BS are respectively A/D-converted by A/D 
converters 4, 5, and 6, and are output as 4-bit .signals 



liquid crystal. The axis of ordinate represents a relative 
transmittance, assuming tila^ sta|g.wherein no light is 
transmit ted is set to'be"^refwnceV^and'l'*state wne're inT'' 
ITran^fMc^T*iTs^^KeB' ! u^n^increasing-afl""ap- 
plied voltage is set to be 100%. In FIG. 4, curves R and 
GB represent transmittance curves of R, and G and B 
pixels. Th e:ttoee-transmi ttanw-c^yes*RrGrand-B^do 
CLnotjiec«sarily;Co1nraae^w For e xamp le^ 

a certain color pixel may be deviated from the other 
two color transmittance curves. FIG. 4 shows a case 
wherein the transmittance curve of an R pixel is differ- 
ent from the transmittance curves of G and B pixels. In 
the liquid crystal television set, a bright volume is ar- 
ranged to change a drive voltage amplitude while the 



DR, DG, and DB. The reference potentials of each 40 ratio of the ON voltage Vo/vto the OFF voltage Voff 



A/D converter are set to high and low reference poten- 
tials V#and Vi. The 4-bit signals DR, DG, and DB are 
arrayed by a multiplexer 7 in accordance with the ar- 
rangement of the color filters, and a 4-bit signal DP is 
output. The 4-bit signal DP is stored in a shift register 8. 45 
When data corresponding to one scanning operation is 
stored in the shift register 8, the stored data is supplied 
to a pulse width modulating circuit 9. The data which 
has been subjected to pulse width modulation in the 
pulse width modulating circuit 9 is supplied to the signal 50 
electrodes 100a of the liquid crystal panel 100. 

The video signal SS is also supplied to a control cir- 
cuit 10. The control circuit 10 generates clocks CKR, 
CKG, and CKB used in the A/D converters 4, 5, and 6, 
a clock CK1 used in the multiplexer 7, a clock CK2 used 
in the shift register 8, a clock CK3 used in the pulse 
width modulating circuit 9, and clock TPR to be sup- 
plied to a timing pulse generator 11. An output from the 
timing pulse generator 11 is received by the scanning 
electrodes 1006 of the liquid crystal panel 100. 

FIGS. 2(a), 2(b), and 2(c) respectively show relation- 
ships between the above-described R, G, and B video 
output signals RS, GS, and GB, and the high and low 
reference potentials V# and V/.. A time and a voltage 
arc plotted along the axis of abscissa and the axis of the 
ordinate, respectively. 

Reference symbol HS denotes a horizontal sync sig- 
nal; Vq, a pedestal level serving as a reference for each 



is set substantially constant so as to_ gbtain a jjtearjiis- 
play. When the bright volume is set to a position where 
anTBage can be displayed, the OFF voltage Voff for a 
display at the minimum transmittance is determined. In 
a liquid crystal display apparatus in which a time-divi- 
sional driving is performed, if the number of divisions is 
set to be N, the following relationshhjjs^obtapedjrom 
the conditions for settmg theTmaxmunvratio of the ON 
vtiHa^Vo FtQ^the'OFF^yolt age Voff- 
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Therefore, if Jhe OFF voltage Voff is determined, the 
ON voltage Won is automatically determined. In FIG. 
4, Toffr represents the transmittance of an R pixel and 
Toffgb represents the transmittance of G and B pixels 
when the OFF voltage Voff is applied. In addition, 
Tonr and Toncb respectively represent the transmit- 
tance of the R pixel, and the G and B pixels when the 
ON voltage Von is applied. 

As described above, in order to apply the RMS volt- 
age Voff in FIG. 4 to the pixels, the apparatus is re- 
quired to be driven as shown in FIG. 3(c). The drive 
waveform in FIG. 3(c) is converted from a signal level 
VSVL in FIGS. 2(a), 2(b), and 2(c). In order to apply 
the RMS voltage Vcwin FIG. 4 to the pixels, the appa- 
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ratus is required to be driven as shown in FIG. 3(a). The 
drive waveform in FIG. 3(a) is converted from a signal 
level VgVH in FIGS. 2(a) and 2(4). 

In the conventional color liquid crystal television set, 
however, the minimum transmittances of an R pixel, 
and G and B pixels arc determined by the OFF voltage 
Vo/r-as shown in FIG. 4, and the transmittances at this 
time are respectively set to be Tof fft.and.ToF.FG.B- ... 

In .addition, ..the, maximum transmittances of the R) 
pixe1,iand^^^nd,B^pwels.are determined by theX)N J 



apparatus of the present invention, showing a relation- 
— ship between RMS voltages applied to the liquid crystal 
panel and transmittances; 

FIGS. 7(a), 7(A), and 7(c) are timing charts showing 
5 relationships between the amplitudes of the R, G, and B 
video output signals in the color liquid crystal display 
apparatus of the present invention and the reference 
potentials of A/D converters; 
FIGS. 8(a) and 8(6) are timing charts showing volt- 
10 age drive waveforms when a maximum RMS voltage is 
applied to G and B pixels, and an R pixel in the color 
i liquid crystal display apparatus of the present invention; 
FIGS. 8(c) and 8(d) are timing charts showing volt- 



V between»T^ra^na^KFgflror -between*ToN« and' FIGS. 8(c) and 8(d) are tuning charts showing voit- 
' ' T^wGRiilliW age drive waveforms when a minimum RMS voltage is 

1 diffgrent-fr^ applied to an R pixel, and G and B pixels in the color 



-.-will,alsdyr>eMffere nts^ ^ 
f prWlelSt^^^^g^^eEannstsb^b^^^^fore 7 
specifically, if the reference potentials for the liquid 
crystal panel in FIG. 4 are set as shown in FIG. 2, the 
overall display image is tinged with red. This phenome- 20 
non becomes most noticeable when an image is dis- 
played upon reception of a white raster signal This is 
caused mainly by a difference between Tonr and 
Toncb- 

In FIG. 4, the transmittance curves of the^anaUB^25 
■epfacelsiexhibitithe:same characteristic. However, even if 
the transmittance curves of the R, G, and B pixels ex- 
hibit different characteristics, a similar problem is 
posed. 

In mass production, since the thickness and spectral 30 
characteristics of color filters interposed between signal 
and scanning electrodes vary, the transmittance curves 
of R, G, and B may differ from the respective preset 
values, and hence are required to be electrically cor- 
rected. 

SUMMARY OF THE INVENTION 

It is an object of.the.present-inventionjo^provide a 
r.nlnr^crestal-Uomdj|djisria^ 
saturation aoaS^SSfSsSiai^^^^^!^^Sm3?B. |f 

According - :o a color liquid ! cfys^^isplay^apparatus 
^of the present invention, when the R,,G^and^^yideo- 
ioutput-irfgii^-ate-A/D^c^vettedrat^l^^^^^^ 
^and highreferenc£ potentials can "pe^maepena^ntl yj 
adjusted as a reference for A/D conversion. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram showing a circuit diagram 
of a conventional color liquid crystal television set; 

FIGS. 2(a), 2(6), and 2(c) are timing charts respec- 
tively showing relationships between the amplitudes of 
the R, G, and B video output signals and the reference 
potentials of A/D converters; 

FIGS. 3(a), 3(b), and 3(c) are timing charts showing 
voltage drive waveforms when maximum, intermediate, 
and maximum RMS values are applied to each pixel in 
the conventional color liquid crystal television set, re- 
spectively; 

FIG. 4 is a graph of typical transmittance characteris- 
tics of a liquid crystal panel of the conventional color 60 
liquid crystal television set, showing a relationship be- 
tween RMS voltages applied to the liquid crystal panel 
and transmittances; 

FIG. 5 is a block diagram showing a circuit arrange- 
ment of a color liquid crystal display apparatus accord- 65 
ing to an embodiment of the present invention; 

FIG. 6 is a graph of transmittance characteristics of a 
liquid crystal panel of the color liquid crystal display 



liquid crystal display apparatus of the present invention; 

FIGS. 9 and 10 are graphs of different transmittance 
characteristics of liquid crystal panels, respectively 
showing relationships between RMS voltages applied 
to the liquid crystal panels and transmittances; and 

FIG. 11 is a block diagram showing a circuit arrange- 
ment of a color liquid crystal display apparatus accord- 
ing to another embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Embodiments of the present invention will be de- 
scribed in detail below with reference to the accompa- 
nying drawings. 

FIGS. 5 to 11 show a color liquid crystal television 
set as a color liquid crystal display apparatus according 
to an embodiment of the present invention. 

FIG. 5 is a block diagram showing a circuit arrange- 
ment of the liquid color display apparatus according to 
the embodiment of the present invention; The same 
reference numerals in FIG. 5 denote the same parts as in 
FIG. 1. 

A video signal SS is supplied to a color separation 
circuit 3, and is separated into R, G, and B video output 
signals RS, GS, and BS. 

The R, G, and B video output signals RS, GS, and BS 
are A/D -converted, and are output as 4-bit signals DR, 
DG, and DB, respectively. The maximum and mini- 
mum levels in A/D conversion of the R video output 
signal are respectively set to high and low reference 
potentials Vhr and Vlr by changing variable resistors 
Rhr and Klr- The maximum and minimum levels in 
A/D conversion of the G video output signal are re- 
spectively set to high and low reference potentials Whg 
and Vlg by changing variable resistors Rhg and Rlg- 
The maximum and minimum levels in A/D conver- 
sion of the B video output signal are respectively set to 
high and low reference potentials Vhb and Vlb by 
changing variable resistors Khb and Klb- 

A description after the 4-bit signals DR, DG, and DB 
output from A/D converters 4, 5, and 6 are supplied to 
a multiplexer 7 is the same as that in FIG. 1. 



r-to'RMSwoitgggapfficdWaliq^ 
color liquid crystal display apparatus. The axes of ab- 
scissa and ordinate, and curves R and GB in FIG. 6 
represent the same as in FIG. 4. 

It will be described how variable resistors Rjjr, Rlr, 
R//G. R/.G. Rhb, and Klb are set as described in FIG. 5 
so as to perform an image display with excellent color 
balance by exemplifying the color liquid crystal display 
apparatus having the liquid crystal panel exhibiting the 
liquid crystal characteristics shown in FIG. 6. 
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As described in FIG. 4, if the bright volumeis et to a The reference potentials of the A/D converters for 
certain position, the OFF and ON-voltages \off and R, G i and_B.are.independently.set-in this manner.so.that-, 
Vcmfas the minimum and maximum values in a voltage ,^min m um| transm^ 
applicable range are respectively determined. The ap-\ tan oesllg^ 

plication ranges of voltages are differently set for R, and .y ti veiPrawFoll'a^B^ A " J r 

G and B so as to set substantially the same application ^^FrcjfJlHo^iransmii^ceTh^ liquid 
range of transmittances of the transmittance curve of crystal panel different from those shown in FIG. 6. 
the R pixel and that of the G and B pixels. More specifi- fa ordcr to display an image on the liquid crystal 
caUy, me range of V 0 ^V^V Z K used for the trans- pane i having such transmittance characteristics with 
mittance curve R, and the range of 7, SV2V m »w£ lO^e^j^lofcbalance^tfaerrange^WS-VS-^-is^ 

^^ f #*^--^ hM !!, d K m '^ e ^ ge "f V ^ VSVovis used foHhT^niSifSn^cuniGB^ 
SrJ = ^" ^-^r 18 ,s f erfo i med ^ changmg and order t0 achieve this state, reference potentiaklrf^ 

adjusting toe variable resastors R**, R^, R ac , R LG> ^ t0 satisfyftVE^VZ^^and vSJ^VggaVjB 
ROT, andR^.so=as^-determme-the;reference-poten- 15 hv flfl j 11rtin „ ^iTT „„;tki» V^ii b" 

tentials. The same reference symbols in FIGS. 7(a)to 20 K ? n ° rder daplay an image with excellent color 
7(c) denote the same as in FIG. 2. balance on.a-hq md.cry s^-panel^ingztransmittance 

In FIG. 7(a), reference symbol RS denotes the R 'Charactenstics-shown-m-FIG.-lC 1,-wfficEMaifferenP 
video output signal, for which the high and low refer- ^^ m ^^g#f ^Xf^^rib^-panels r the range of 
ence potentials V m and V L R are set as references for v Off= v = v o^us^a{^^m^toncec^e R, 
A/D conversion. In FIG. 7(A), reference symbol GS 25 W 016 range °f v i=V§V<Wis used for the transmit- 
denotes the G video output signal, for which the high ta ? ce cu ™ e GBl ^ can be achievedby setting 
and low reference potentials V H G and V L G are set as r referenc * potential to satisfy V K LR>^LG=VuPpnA 
references for A/D conversion. In FIG. 7(c), reference \ V ^ R F^S^S JB by adjusting the%ariable=resistors 
symbol BS denotes the B video output signal, for which > R *^R'ERJRS3Sl&_g E G« ft and Res. In this manner, a 
the high and low reference potentials Vhb and are 30 transmittance can ^ changed within the range of 
set as references for A/D conversion. Reference sym- for each of R, G, and B pixels, 

bol Vq denotes a minimum value of a signal component The above description is associated with a case 
of each video output signal, which is associa ted with .a wherein the transmittance curve of the R pixel is devi- 
gradation display; an d V/^ a=mliHmum^valuWdiSe) ated * TOm the transmittance curve of the G and B pixels. 
<asignalEcoimx}nent.U«InI ?FIQSr-i 7(a). 7(6), and 7(cj?35 However, when, for example, the transmittance curve 
V#k> Vp, Vlg<Vq, and Vlb<Vq are set. A signal of the G pixel is deviated from the transmittance curve 
7(c), VHR > VP, VLG < VQ, and VLB < V level of of the R and B pixels, adjustment can be performed in 
VgSVSViji corresponds to a minimum RMS voltage the same manner. In addition, the present invention can 
Vow(OFF voltage) applied to each R pixel, whereas a app'ied to a case wherein the transmittance curves of 
signal level of V = V/> corresponds to a maximum RMS 40 three pixels are different from each other, 
voltage V2 applied to each R pixel. FIG. H shows a circuit arrangement of a color liquid 

Signal levels of V=Vq and V/h?SVSV/> ojrre- crystal display apparatus according to another erabodi- 
J spend to minimum and maximum RMS voltages Vi and ment °f * e present invention. The same reference nu- 
J Vojv(ON voltage) applied to each G pixel. Signal levels merals in FIG. 11 denote-the same parts as in FIG. S. 
n of V=Vgand Vhb = V S V/> respectively correspond to. 45 In thi* embodiment, a combination of variable resis- 
k minim u m and maximum RMS voltages Vi and Vojv(ON tors, transistors, and resistors is used to adjust the refer- 
t__ — voltage) applied to each B pixel. ence potentials of A/D converters 4, 5, and 6. More 

The types of drive waveforms used to obtain the specifically, for the A/D converter 4, variable resistor 
above-described RMS voltages \on, V2, Vqff. and Vi Rffli for adjusting the high reference potential, variable 
will be described with reference to FIGS. 8(a), 8(6), 50 resistor Klr for adjusting the low reference potential, 
8(c), and 8(d). two transistors T r i and T r2 , and resistor ri are used. 

FIGS. 8(a), 8(6), 8(c), and 8(0 show voltage drive Similarly, for the A/D converter 5, variable resistors 
waveforms applied to the pixels formed on the first R#G and Rlg< transistors Trf and T*, and resistor T2 are 
scanning electrode. The same reference symbols in used. For the A/D converter 6, variable resistors Rhb 
FIGS. 8(a) to 8(d) denote the same as in FIG. 3. 55 and Klb, transistors Trj andT^i and resistor r3 are used. 

FIG. 8(a) shows the voltage waveform when the ON With this circuit arrangement, an emitter follower 
voltage VoAfis applied to G and B pixels. FIG. 8(6) circuit is formed by connecting a variable point of each 
shows the voltage waveform when the RMS voltage variable resistor to the base of a corresponding transis- 
V2 is applied to an R pix el. A-differe nce;b^Weegthe. tor so as to decrease an output resistance, thereby stabi- 
^^y^SSS ^ , ^^ S^ ^t^ ^!Ugg^^ie^ttd»zt olt' «0 l izing each reference potential. 

^ete^^^^MSmita^^^f^^^^^^^.. §A method of adjusting a reference potential using 
<^FIG7"8(c) shows the voltage waveform wnen E rne^QFF ist --- J each variable resistor is the same as that described in 
voltage Voff is applied to the R pixel. FIG. 8(d) shows FIGS. 5 to 10. 

the voltage waveform when the RMS voltage Vi is The present invention has been described by exempli- 
applied to the G and B pixels. A difference .betweenthe 65 fying the matrix type liquid crystal panels. However, 
waveforms in FIGS. _8 (^_and-8(c )<^ )rrwponlisjitbta the present invention can be equally applied to a case- 
differenc|fte^ — -.wherein an active type liquid crystal panel having ac- 
^Z&QjfffpMi*22g^. ~^£J2BmMmm Ji ve elements as pixels is used. 
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As is apparent from the above description, according 
to the color liquid crystal display apparatus of the pres- 
ent invention, therreference^tentials"of the~A/D con- 
_verters for R, OTand B are independently set so. that the 
\ minimum and maximum -transmittances' of R, G, and B I 3 
<\~pixels can be independently changed; As a^fesult, wheB" 
the transmittance curves of ihe Rt G.-and B pixeis of the 
hquid crystal panel are different from each other,*since;' 
^Tthe minimum transmittances and the maximum trans- . 
| mittances can be respectively set to be equal, excellent 10 J 
\color balance is obtained, and saturations of-RrGrand B 
-become uniform, thereby reproducing natural colors^ 
Inorder to prevent an image in which a specific color 
is excessively emphasized, e.g., an image tinged with 
red, only the maximum:transmittances:for-Rr-G,-and-B 
f ma ybe- setjo be equal. This operation can be performed 
by setting the low reference potentials for R, G, and B, 
which are used to determine minimum transmittances, 
at the same level, and setting Jhe.highreferenceipoten- 
■tia &atidifferenfrleyeb-fol^R ^G.rand.B. Thus, technical 
advantages can be obtainedln which color balance can 
be adjusted according to the characteristics of a liquid 
crystal panel. 

When differences between the transmittance curves 25 
of R, G, and B are relatively large, nonuniformity of 
colors can be reduced e by-adjustmg;mmimum:transmit- 
tances -and-maximum -transmittances.. respectively, in a 
"direction to cause them approach each other without 
setting them to be substantially equal. 

In mass production, a variation in thickness and spec- 
tral characteristic of color filters disposed in liquid crys- 
tal panels is caused. However, such a variation can be 
canceled by performing the above-described adjust- 
ment according to the characteristic of respective liquid 
crystal panels. Especially, in the color liquid crystal 
display apparatus of the present invention, if the vari- 
able resistors for setting the reference potentials are 
arranged in a driving circuit, and the above adjustment 
is performed when the liquid crystal panel and the driv- 40 
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ing circuit are combined with each other, image quality 
can be checked. 
What is claimed is: 

1. An apparatus for adjusting color balance to match 
the characteristics of a color liquid crystal display com- 
prising: 

a receiver for receiving an external radio wave and 
outputting a video signal; 

a color separation circuit for color-separating the 
video signal and outputting red, green, and blue 
video output signals; 

a separate A/D converter for A/D-converting each 
of the separate red, green, and blue video output 
signals and outputting separate red, green, and blue 
digital output signal; 

a liquid crystal panel, having a plurality of pixels 
formed therein, for displaying an image on the basis 
of the red, green, and blue digital output signals 
generated by each said A/D converter; and 

adjusting means which can independently adjust both 
the low and high reference potentials used as refer- 
ences for A/D conversion of each of the red, 
green, and blue video output signals by each said 
A/D converter. 

2. An apparatus according to claim 1, wherein said 
adjusting means is capable of continuously changing 
both of the reference potentials for each: of the red, 
green, and blue video output signals. 

3. An apparatus according to claim 2, wherein said 
adjustment means comprises a circuit including a sepa- 
rate variable resistor for each of the reference poten- 
tials. 

4. An apparatus according to claim 1, wherein one of 
the high and low reference potentials of said A/D con- 
verter is constant. 

5. An apparatus according to claim 1, wherein said 
liquid crystal panel forms said plurality of pixels for a 
matrix display by using a plurality of signal electrodes 
and a plurality of scanning electrodes. 
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